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Abstract

The terrible events of the September 11, 2001 World Trade Center (WTC)
tragedy left many dead, injured, devastated and emotionally scarred. The effects of the
tragic event were noticed even after a decade in upper-respiratory ailments resulting from
the exposure of the toxic dust. WTC dust contained many toxic heavy metals including
lead (Pb) and zinc (Zn) that might be responsible for upper respiratory complications.
The very high concentrations of Zn (ranging from 1000 ppm to 3000 ppm ) together with
high concentration of Pb (100 ppm to 500 ppm ) might create toxicity alone or in
combination. Synergistic effects of heavy metals are the possibility in WTC dust which
might be causing different health problems. The interaction of Pb with Zn is like a
double-edge sword and the overall toxicity depends upon the ratio of their concentrations
and on the type of the test tissues.
The first part of the project studied the effects of the extremely high
concentration of Zn and Pb on cytotoxicity and apoptosis of MRC-5 human lung cells
in vitro. Also, the experiment elucidated how different combinations of Pb and Zn at a
specific ratio (1:1, 1:5, 1:10, 1:15) altered the cytotoxicity and apoptosis of MRC-5 cells.
Assays were performed utilizing a 96 well plate reader and Triplex Assay (Promega)
in vitro. Data showed that in unstressed condition Pb at 50 ppm and Zn at 500 ppm
generated a toxicity of 289690 RFU and 21144.5 RFU respectively. Combination of these
two treatments, in which Pb is 50 ppm and Zn is 500 ppm (producing a ratio of their
concentration of 1:10 that mimics WTC dust Pb and Zn ratio) created a toxicity of 2117.5
RFU. This toxicity is very low as compared to individual toxicity of Pb or Zn. Similar
findings were also noticed in low serum stressed condition. It was noticed that higher
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amount of toxicity and apoptosis were produced in stressed cell than in unstressed cell.
The second part of the project tested two variables: quality of bone growth and the
competitive incorporation of Pb and Ca into the cultured chick femurs. Data
demonstrated that there was 5 % growth of bone at 1000 ppm Pb ( showing a reduction of
11 % growth than control). The combination treatment of Ca and Pb (constituting a total
of 1000 p p m ) produced a bone length of 22 % which was even higher than control and
calcium treated bone. This data indicated that Ca and Pb had antagonistic interaction with
each other where Ca was able to reduce the damaging effects of Pb.
Overall, this research found that the amount and concentration of Pb present in
WTC dust is highly damaging to human lung cells both in stressed and unstressed
condition. However, the damaging effects may not be felt by people exposed to WTC
dust because the high amount of Zn is able to reduce the toxicity of Pb. Zn, contrary to
the expectation, has antagonistic effect with Pb. The metal Zn is a reward in disguise to
WTC people. The toxic effects of Pb when combined with Zn may not be damaging to
normal people because of the protective role of zinc; however both the metal could be
troublesome to infants, diseased, sick, old and low resistance people. The in vitro bone
culture of chick femur also demonstrated that Pb would be damaging on bone growth and
quality. Calcium might be able to mitigate the damaging effects of lead. Further research
is needed to know the impact of Ca and Pb interaction in lung cells.
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Introduction

World Trade Center (WTC) Explosion
The explosion and collapse of the WTC produced an aerosol plume affecting
many workers, residents, and commuters. The inorganic analyses of three bulk sample
indicated high amount of metals, radionuclides, ionic species, and asbestos. The organic
analyses implied polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls,
polychlorinated ibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate
esters, brominated diphenyl ethers, and other hydrocarbons. The morphological analyses
of the mass were fibrous consisting of mineral wool, fiberglass, asbestos, wood, paper,
and cotton. These results give a vivid picture of the contact and types of exposures of the
surviving residents, commuters, and rescue workers (Lioy et al., 2002). Many people
helping to clean up the aftermath of 9/11 are now sick with respiratory problems after
short and long term exposure to WTC dust. The very high levels of exposure are linked to
increased cardiovascular deaths, respiratory problems, and emergence of World Trade
Center Cough. Though research is ongoing, processes responsible for decreased lung
function have not yet been understood. Recent studies have found that workers and
residents who currently work or reside within a 1 mile radius of the WTC site are still
affected by lower respiratory symptoms (Lin, Jones, Reibman, & Morse, 2010). The most
recent study indicated that for a large sample population of New York City firefighters
and FDNY workers, the average forced expiratory volume (FEV) decreased significantly
without recovery over a six year period (Aldrich et al., 2010). Overall, the components
that make up the dust may have an additive effect, even if the components on their own
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are non reactive or non-toxic. One toxicological profile when combined with another can
alter the properties of the original, making the combined profile more toxic than the
individual effects would be (Donaldson et al., 1998; Ferin, 1994). According to the EPA,
short term exposure length has been linked to symptoms of coughing, wheezing, and
aggravated asthma while long term effects have been linked to chronic bronchitis,
nonfatal heart attacks, and premature death for those who already suffer from heart/lungrelated illnesses (“Air quality criteria”, 2004). Chronic effects and inflammation may also
arise from reoccurring acute effects or from continuous cycles of injury/repair to the cells
(“Air quality criteria”, 2002). “World Trade Center Cough” first emerged within 24 h
after the buildings collapsed. Rescue workers showed symptoms which resulted in the
diagnosis of Reactive Airway Dysfunction Syndrome (RADS). Symptoms of RADS
include wheezing, difficulty breathing, bronchial constriction, reduced lung volume
capacity, as well as possible abnormalities in the morphology of cells lining the air
passages (Greenberger, 2008). According to the EPA, contaminants of potential concern
found during the WTC cleanup include asbestos, PAH’s, dioxins, lead, fibrous glass, and
crystalline silica (“World Trade Center”, 2003). The physical and physiologically
induced effects of these contaminants vary on a case by case basis, but many have
exhibited cardiopulmonary/gastrointestinal irritation as well as asbestos-associated lung
cancer (Gavett, 2006). Lung carcinomas are the leading cause of cancer deaths
throughout the world (Lee et al., 2008). The respiratory system is a direct target of
possible environmental carcinogens (Klein-Szanto et al., 1982). Occupational inhalation
exposures to heavy metals are associated with lung cancers (Fatur et al., 2003). Materials
within the WTC dust included lead, asbestos, glass, as well as numerous aromatic ring
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compounds (Greenberger, 2008). Some of the metals listed are known to possess
antigenic properties further inducing the immune response and perpetuating a continued
inflammatory process and inciting the formation of granulomas (Izbicki et al., 2007). It is
important that the metal ions should be maintained within strict limits. Homeostasis of
metal ions is maintained by tightly regulated mechanisms of uptake, storage and secretion
of metal (Bertini & Cavallaro, 2008). Deregulation of cell growth and differentiation is a
typical characteristic of the cancer phenotype and metals interfere with deregulation of
cell proliferation by activating various transcription factors, controlling cell cycle
progression and apoptosis (Evan & Vousden, 2001).
Lead (Pb) in WTC
Lead is one of the most common toxic metals to man (Garcia-Leston et al., 2010).
Pb exposure continues to be a major public health problem worldwide (Dykeman et al.,
2002; Lidsky & Schneider, 2003; Huang & Schneider, 2004; Shalan et al., 2005;
Bellinger, 2006). Lead can cause adverse health effects including neurotoxicity,
nephrotoxicity, and deleterious effects on the haematological and cardiovascular systems
(ATSDR, 2007). Bone is the major reservoir of body lead and lead significantly
decreased the bone mineral density in the cortical and proximal cancellous bone and
increased the marrow area in the cortical bone. Lead significantly decreased the
mineral/matrix ratio, collagen maturity and crystallinity in the trabecular bone, collagen
maturity and bone crystal size in the cortical bone. Also, lead significantly increased
serum osteocalcin levels, increased the bone formation and resorption markers suggesting
increased bone turnover (Monir et al., 2010). The International Agency for Research on
Cancer (IARC) classified Pb as possible human carcinogen (group 2B) (IARC, 1987) and
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inorganic Pb compounds as probable human carcinogens (group 2A) (IARC, 2006).
Exposure to lead has been linked to an increased incidence of stomach, lung and bladder
cancers in some epidemiological studies (Fu & Boffetta, 1995). The WTC dust contains
enormous amount of lead that was produced from the electrical wiring, power cords,
plumbing and general building material. Lead sheets were also used as architectural
metals in roofing material, cladding, flashing, gutters, joints, sound proofing rooms,
walls, ceilings, recording studios, and plumbing pipes. 50,000 personal computers were
destroyed with each containing approximately 4 pounds of lead (Nordgren et al., 2002).
These materials gave rise to high amount of lead ranging from lOOppm to 500ppm (with
700ppm lead in one peak) in air of WTC dust (Tahil, 2006).
Zinc (Zn) in WTC
It is seen from Figure 1-3 that zinc is the highest trace element found in WTC
dust. It is the most common trace element in all samples with the concentration between
lOOOppm to 2000ppm with a spike of 3000ppm in one location. There are in between
lg/kg and 3g/kg of zinc present in WTC dust and the concentration of zinc exceed
lOOOppm in all dust collections. The trace amount would normally be considered less
than lOppm and these concentrations far exceeded the range which is unprecedented
(Tahil, 2006). Over exposure of zinc oxide (ZnO) leads to metal fume fever, impairment
of pulmonary function, increased leucocytes, head ache, malaise, increased
neuropsychiatric symptoms, nervousness and insomnia. Acute exposure to zinc oxide
leads to increased activated T-cell, T helper cell, T-inducer cell, T-suppressor cell,
activated killer T. Inhalation of Zinc oxide and zinc chloride smoke lead to nausea,
cramp, redness, conjunctivitis and corneal burns (SRC, 2003).
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Calcium (Ca) in WTC
Calcium sulfate mineral is one of the major constituents in the building materials
such as wall board, plaster and fireproofing. Wall board is constructed with gypsum
(calcium sulfate) and is commonly found in building. Gypsum is also designated as WTC
dust marker for WTC dust based on its high abundance and small particle size. A
significant portion of gypsum that has been detected in the building appeared in the form
of fine dust that was pulverized to a degree not seen in ordinary building dust (RJ Lee
Group, 2003). Figure 1 and Table 1 indicate that calcium is the second highest element
and constitutes 18.36% of WTC dust sample. WTC dust contains a lot of gypsum which
are sources of calcium. Interaction of calcium with lead would help to access the
synergistic or antagonistic effect of lead with calcium and the overall toxicity of WTC
dust.

Figure 1. Different Concentration of Major and Trace Elements in WTC (Tahil, 2006)
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Concentrations of the predominant
trace metals in
samples ol dusts and girder coating

Figure 2. USGS Predominant Trace Element Discovered (Tahil, 2006)

Elements
Calcium %
Zinc ppm
Lead ppm

Min
7.65
57.4
9.13

Max
26.01
2990
756

Mean
18.36
1004.70
166.75

Table 1. Amount of Calcium, Zinc and Lead in WTC Dust (Tahil, 2006)

Interaction of Zinc with Lead
It has been proposed that zinc acts as an antioxidant and a chelator agent in lead
toxicity (Dykeman et al., 2002; Lidsky & Schneider, 2003; Huang & Schneider, 2004;
Shalan et ah, 2005; Bellinger, 2006). As dietary zinc increases, severity of lead toxicity
decreased, including decreases of lead concentration in the blood, liver and kidneys,
excretion of urinary delta-aminolevulinic acid, and inhibition of kidney deltaaminolevulinic acid dehydratase (ALAD) activity in rats (Cerklewski & Forbes, 1976).
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Zinc administration together with Pb decreased hepatic and renal uptake of Pb and
reduced Pb-induced inhibition of blood ALAD activity (Flora et al., 1982). Zinc co
administration might alleviate toxic effects of Pb on the male reproductive system, where
as it could enhance the toxicity on thyroid function. Zinc did not affect the toxicities of
Pb on cytogenetic systems (Fengyuan et al., 2007). Toxic amount of Pb developed
pharyngeal and laryngeal paralysis ("roaring") in young horses where as those fed with
zinc only and lead and zinc together developed swelling at the epiphyseal region of the
long bones, stiffness and lameness. It appeared that toxic amounts of zinc prevented the
development of clinical signs of Pb poisoning in the young growing horse (Willoughby et
al., 1972). Lead’s ability to substitute for zinc affords another avenue by which lead can
act as a neurodevelopment toxicant. By displacing zinc, lead can alter the regulation of
genetic transcription through sequence-specific DNA-binding zinc finger protein or zinc
binding sites in receptor channels (Reddy & Zawia, 2000).
Interaction of Lead and Zinc in WTC
It is seen from the Figure 3 that there is a power relationship between lead and
zinc in WTC dust. Also, in almost all WTC sample collected, the ratio of lead and zinc
varies from 1:7 to 1:12. In the market street samples, the ratio of concentration between
Pb and Zn is around 1:10. Is this particular ratio of lead and zinc related to the toxicity of
lung cells or not? How do both metals interact with each other? Do they have an
antagonistic or synergistic effect that may lead to respiratory illness? These are the
questions need to be answered and the project aimed to answer some of these questions.
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Concentration of Elements Preserrtin Market Street Sample of
W orld Trade CenterDust (ng/g)

E le m e n t

n g/ f
0

Hg
Tl

1,290

Ct

1,327

Bi

1,466

Ag

2,247

As

2,613

Be

3,754

U

4,213

Cd

7,459

Co

10,460

Rb

21,710

Li

29,520

Ga

34,060

V

42,610

Hi

47,290

Cr

171,500

Mg

179,000

Pb

289,200

Cu

325,600

Ba

406,500

Sr

720,800

Mn

828,100

AI

908,700

Ti

1,797,000

Zr

2,992.000

Figure 3.WTC Sample from Market Street. Concentration of Elements (ng/g dry weight) in the
three Settle Dust Smoke Samples (Lioy, 2002a)
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Interaction of Calcium with Lead
Although all of lead’s toxic effects cannot be tied together by a single unifying
mechanism, lead’s ability to substitute for calcium and perhaps zinc (Bressler &
Goldstein, 1991) is a factor common to many of its toxic actions (Bradbury & Deane,
1993). Lead substitutes for calcium and affect the activity of second messenger
calmodulin which stimulates several protein kinases, cyclic AMP phosphodiesterase, and
affects potassium channels (Bressler et al., 1999). Lead’s activating effects on calmodulin
perturb intracellular calcium homeostasis (Ferguson et al., 2000). High calcium intake
(>2000 mg/day) may attenuate pregnancy-induced increases in maternal blood lead
concentrations by decreasing maternal bone resorption or demineralization during
pregnancy and the subsequent release of lead from the bone (Johnson, 2001).
Previous Research in MSU
Previous research in this laboratory has shown that 10% C 02 exposure increased
viability while decreased toxicity and apoptosis in MRC-5 fibroblasts and is thought to be
due to the increase in buffering capacity at 10% C 0 2 concentration.WTC dust induced
apoptosis in cells, damages cells to the point where they can no longer function normally.
Such damage could easily disrupt normal cell function and could be severe enough to
induce necrosis or aid in the development of cancer. Physiological stress can magnify any
potential harmful effects of a xenobiotic in in vivo systems. Cell proliferation levels
decreased as WTC dust concentrations increased irrespective of serum level. Assessment
for apoptosis resulted in higher than baseline levels in cells exposed to WTC dust in both
MRC-5 and WI-38 human lung fibroblasts (Lambroussis et al., 2009).
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Project Description
The purpose of this study was to uncover the potential toxic effects of zinc and
lead on MRC-5 lung cells in vitro. Also, the project examined synergistic or antagonistic
effect of lead with zinc. Through the utilization of MRC-5 lung cells and by the use of
Triplex assay, the toxicity and apoptosis of zinc, lead and combination treatment of zinc
and lead were carried out in vitro in stressed and unstressed condition. The combination
of different concentration of lead and zinc at a specified ratio, typical of WTC dust were
tested on MRC-5 cells to know the interaction of lead and zinc and the overall toxicity.
The second part of the project aimed to find out the effects of lead on length and quality
of chick bone and the possible interaction of calcium with lead on chick femur.
Interactions of calcium with lead were carried out by treating the chick femur at various
concentrations of calcium and lead in vitro.
Some of the gaseous and solid compounds characterized in World Trade Center
dust mixture have been previously characterized as being carcinogenic or mutagenic.
These materials include but are not limited to cadmium, lead, mercury, polycyclic
aromatic hydrocarbons, and asbestos (Lioy, 2002a). WTC dust is very damaging to
human health and it is important to know which part of the WTC complex dust is the
culprit. Heavy metals are one of the ingredients out of many in WTC dust. Out of many
heavy metals, lead is also one of the ingredients in WTC dust and the most toxic elements
to human beings. The WTC dust also contain high amount of zinc and calcium. It is
important to know if these heavy metals are responsible for the respiratory illness or not?
Are there any synergistic effects between them? Are there any other factors apart from
heavy metals responsible for illness? This project intended to isolate if zinc or lead
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or interaction of these two metals are responsible for respiratory related illness. The
experiments used stressed MRC-5 cell that contains 2.5 % FBS and unstressed MRC-5
cell that contains 10% FBS. Physiological stress was induced to the lungs cell by
reducing the serum level to 2.5% FBS that represent the diseased, low resistance
population of WTC dust.
As previous studies have suggested, chemicals on their own may not be toxic or
detrimental to human health, but the effect may be enhanced when coupled with others
elements, compounds, or factors, leading to a synergistic effect or antagonistic effects.
Additive and synergistic effects on toxicity are possible. Chemicals are said to exert an
additive effects if toxicity increases when exposure to both agents occur at the same time.
Chemicals are said to act synergistically when their combined effect is greater than the
sum of the chemicals acting alone. The issue of chemical additivity and synergism is
particularly important in regard to the unique mixture created by the unprecedented
circumstances of the WTC event (Goad et al., 2004). Chemicals are said to exert an
antagonistic effects when combination of both metals have an overall effect that is less
than the sum of their individual effects (Peyrat-Maillard et al., 2003). Since the WTC
dust contains very high concentration of zinc and high amount of lead, the possible
interaction between them cannot be overruled. If they interact synergistically then both
zinc and lead metal can give rise to very high amount of toxicity which is greater than the
sum of the individual metals. If they interact antagonistically then both lead and zinc give
rise to a toxicity that is lower than the sum of the individual toxicity.
The toxicity level of zinc, lead and their interaction will be analyzed by using
ApoTox-Glo Triplex Assay, Promega. The Promega ApoTox-Glo Triplex Assay is a two
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part assay measuring three different cellular events: viability, cytotoxicity, and apoptosis
within a single well. The first part of the assay measure two protease activities; one is a
marker of cell viability and the other is a marker of cytotoxicity. The live-cell protease
activity is restricted to intact viable cell and is measured using a fluorogenic, cellpermeant, peptide substrate (glycyl-phenylalanyl-aminoflurocoumarin; GF-AFC). The
substrate enters intact cells where it is cleaved by the live cell protease activity to
generate fluorescent signal proportional to number of living cell via the release of AFC.
The GF-AC substrate becomes inactive upon the loss of membrane integrity and cell
leakage. A second fluorogenic, cell impermeant peptide substrate (bis-alanylalanylphenylalnyl-rhodomine 110; bis-AAF-Rl 10) is used to measure dead cell protease
activity from the cell that have lost membrane integrity and cannot enter live cells. It is
instead cleaved by dead cell proteases and releases the R 110 protease.
The second part of the assay uses Caspase-Glo® assay technology by providing
luminogenic caspase-3/7 substrate which contains tetrapeptide sequence DEVD a reagent
optimized for caspase activity, luciferous activity and cell lysis. Adding Caspase-Glo®
3/7 reagent in an add mix-measure format result in cell lysis followed by caspase
cleavage of substrate and generation of glow type luminescent signal produce by
luciferase. Luminescence is proportional to caspase activity.
The second part of the projects intended to know the toxicity of lead on bone, and
the interaction of lead with calcium in the chick femur. The chick femur was treated with
lead, calcium and different combination of lead and calcium. Growth was recorded on
daily basis and percentage of growth was measured. Interaction of lead and calcium on
bone were experimented measuring the percentage of growth of bone. The purpose of this
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experiment was to know how lead and calcium interact with each other. WTC dust
contains a lot of lead and calcium too. This finding will help to let us know if the
interaction of lead with calcium is synergistic or antagonistic. These findings will lead us
to connect the interaction of calcium and lead in WTC.

Figure 5. The GF-AFC Substrate can enter live cells
and cleaved by the live-cell protease to release AFC.
The bis-AAF-Rl 10 Substrate cannot enter live cells
but instead cleaved by the dead-cell protease to
release R110 (promega, 2011)

Figure 6. Measurement of Apoptosis was
captured by the Caspase-Glo® 3/7 Assay
measuring the production of Caspase 3/7 which
works to cleave the tetrapeptide DEVD complex
(the luminogenic Caspase 3/7 substrate).
Cleavage of the substrate releases aminoluciferin
(a luciferin substrate) and generates a
luminescent signal (promega, 2011)

Materials and Methods

Maintenance of MRC-5 Lung Cells
MRC-5 human lung fibroblast cells were ordered from ATCC. Once cells arrived,
they were warmed to room temperature and suspended in 5-6mL of fresh media that had
been warmed to room temperature using a water bath. Cells were dispensed into sterile T25 flasks using aseptic technique. Caps to T-25 remained loose at all times to allow for
proper gas exchange and cell growth. Upon sub culturing, cells were placed in an
incubator set at 37degrees Celsius with 10 % Carbon dioxide levels.
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Cells lines were grown in Eagles Minimum Essential Medium (MEM) that had
been supplemented with aboutlmL of Penicillin-Streptomycin, lm L of Glutamine, lm L
of Kanamycin and lOmL fetal bovine serum per lOOmL of media. This media is also
called complete media. Cell growth was carefully monitored using phase contrast
microscope. Once confluent mono layers had formed, cells were scraped aseptically using
sterile Costar model 3010 cell scrapers under a ventilated hood. Cells were then spun at
10,000 rpm for 5-7 minutes until the cells had separated from the media, to form a pellet
at the bottom of 15mL centrifuge tubes. The supernatant was removed from the
centrifuge tube and the cells were suspended in lOmL of fresh media using a sterile
pipette. Once cell pellet was dispersed throughout the media included in the centrifuge
tube, the mixture was equally allotted into 2-3 T-25 flasks and allowed to grow to a
confluent monolayer until needed.
Preparation of Stock and Experimental Solutions for Lead and Zinc
Lead oxide (PbO) was used for this experiment because of its solubility in the
complete media. I gm of lead oxide was weighed in physical balance, poured in lOOmL
of complete medium (10 % FBS), put in the Nalgene disposable filter ware and suctioned
by vacuum. Then it was capped, labeled as 10,000ppm stock solution for PbO (10% FBS)
with date, name on it. Similar procedure was followed for making 10,000 ppm stock
solution for lead oxide with 2.5 % FBS. To prepare 500ppm PbO, 500pl of stock solution
was taken and mixed with complete medium to make a volume of lOmL. Finally, lppm,
50ppm, lOOppm, 300ppm, 500ppm of PbO for both 10% FBS and 2.5 % FBS were
prepared from the stock solution. Zinc acetate stock solution(10,000ppm) were prepared
and it was diluted to make lOppm, lOOppm, 500ppm, lOOOppm, 3000ppm solutions for
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solutions for zinc acetate in both 10% FBS and 2.5% FBS. All the procedures were
carried out ascetically.

Prepared Solution in Tabular form

Lead Oxide ( 10 %
FBS)
lppm
50ppm
1OOppm
300ppm
5 OOppm

Lead Oxide (2.5 %
FBS)
lppm
50ppm
1OOppm
300ppm
5OOppm

Zinc Acetate
(10% FBS)
lOppm
1OOppm
5OOppm
lOOOppm
3000ppm

Zinc Acetate (2.5
%FBS)
lOppm
1OOppm
500ppm
lOOOppm
3000ppm

Table 2 . Different Concentration of Solutions Used in Experiments

Preparation of Solution for Combination Treatments
The combination treatments for the experiments are the combination of lead
and zinc in specific ratio of their concentration. The different ratio of lead and zinc
needed for the experiments are 1:1, 1:5, 1:10 and 1:15 in 10 % FBS and 2.5 % FBS in
complete medium.
Ratio
1:1

Cone, of
Pb
1OOppm

Cone, of
Zn
1OOppm

Voi. of
Pb
50 pi

Voi. of
Zn
50 pi

Final cone.
Pb
50ppm

Final cone.
Zn
50ppm

1:5

200ppm

1OOOppm

50 pi

50 pi

1OOppm

5 OOppm

1:10

1OOppm

lOOOppm

50 pi

50 pi

50ppm

5 OOppm

1:15

200ppm

3000ppm

50 pi

50 pi

1OOppm

1500ppm

Table 3. Concentration, Volume of Lead and Zinc Taken to Make Final Ratio
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ApoTox-Glo Triplex Assay
Prior to beginning the assay, MRC-5 cell cultures were scraped, centrifuged, and
seeded in fresh complete medium containing 10% FBS. 100 pi of cells were plated into 3
black 300pl 96 well flat bottom plates and incubated for 24 hours at 37°C. After a 24
hour incubation period, the old media was aseptically removed and solutions of zinc, lead
and combination of lead and zinc were put in the designated well. In all 96 well plates,
two wells with only media were used for negative control.
The day of the assay, the Viability/Cytotoxicity reagent was prepared by adding
1OjliI of both the GF-AFC and bis-AAF-Rl 10 substrates to 2 mL of Assay Buffer. The
apoptotic reagent was prepared via reconstitution by mixing the Caspase-Glo® 3/7 Buffer
with the Caspase-Glo® 3/7 Substrate, while inverting to make sure the substrate was
thoroughly dissolved. 20pl of the Viability/Cytotoxicity reagent were added to each well
of both plates and briefly mixed for 30seconds on an orbital shaker. The plates were then
incubated for one hour at 37°C in the incubator. For viability reading, fluorescence was
measured at 360nm emissions and 528nm excitation. For cytotoxicity reading,
fluorescence was measured at 485nm emission and 528nm excitation. Both readings were
measured using a Bio-Tech’s Synergy 2 multi plate reader. After the fluorescence
reading, lOOpl of the Caspase-Glo® 3/7 substrate was added to each test well and were
mixed for 30 seconds on an orbital shaker. The plates were then incubated for one hour at
37°C and luminescence was measured using the same multi plate reader.
Procedure for Setting up an in vitro Bone Growth System

Chicken eggs were incubated in a circulating air incubator at 37.5 degrees Celsius
for a period of 10 days in 10% C 02. After incubation, the embryos within the eggs were
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removed and the femurs of the embryos were dissected and removed from the embryos.
The bones were then placed into their designated bone culture Petri dishes. Ham’s F-12
media treated with 10% FBS were used throughout the experiments. Six trials were set up
using various amounts of lead and calcium maintaining a combined total of lOOOppm of
trial. The design of this experiment was set up to test two variables: The effects of lead on
both the length and quality of bone growth and the competitive incorporation of lead and
calcium into the cultured chick femurs. Measurements and observations were made daily
over the course of one week. Each bone’s final length was measured in millimeters under
a dissecting scope and recorded. Percent growth was then calculated and graphed.
Observations were made based on the differentiation of epiphysial ends, calcification of
diaphysis, coloration, and noticeable malformations.

96 Well Plate Set Up for the Experimental Design

1

2

3

4

5

6

7

8

9

10

11

1
2

A
1

i

B

i
i

lp p m

50pp m

10 % F B S
1OOppm

300p p m

500p p m

lp p m

2 .5 % F B S
50pp m
1OOppm

300p p m

500p p m

i
i

C

i
i
i
i
i
i
i

lp p m

50pp m

1OOppm

300pp m

500p p m

lp p m

50pp m

1OOppm

300p p m

500p p m

lp p m

50pp m

1OOppm

300pp m

5 OOppm

lp p m

50pp m

1OOppm

300p p m

500p p m

MD

MD

i
i
i
i
i
i
i
—i—
i
i
i
i
i

D
E
F
G
H

MD

MD

i
_i_
i
i
i

Figure 7. Experimental Design 1: Lead Oxide in Unstressed and Stressed Condition
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Figure 8. Experimental Design 2: Zinc Acetate in Unstressed and Stressed Condition

Figure 9. Experimental Design 3: Combination Ratio Treatment of Lead and Zinc in Unstressed
and Stressed Condition
MD
Negative treatment where media is
treated with reagent

10%FBS
Unstressed Condition of Cell with
10%Fetal Bovine Serum

2.5%FBS
Stressed Condition of Cell
with 10%Fetal Bovine
Serum
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Results

Cytotoxicity of Lead

Cytotoxicity of Lead Under Unstressed Condition
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Figure 10. The graph shows cytotoxicity of lead at different concentration in unstressed condition with raw
data.

Cytotoxicity of Lead Under Stressed Condition
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Figure 11. The graph shows cytotoxicity of lead at different concentration in stressed condition with raw
data.

Comparison of Cytotoxicity of Lead in Stressed and
Unstressed Condition
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Figure 12. Comparison of cytotoxicity of lead in unstressed and stressed condition

Cytotoxicity of Zinc
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Figure 13. Zinc’s cytotoxicity in different concentration in stressed condition with raw data
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Cytotoxicity of Combination Treatment

Cytotoxicity of MRC-5 in Combination Treatment of Lead
and Zinc under Unstressed Condition
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Figure 14. Cytotoxicity of combination treatment in different ratio in unstressed condition with raw data

Cytotoxicity of MRC-5 in Combination Treatment of Lead
and Zinc Under Stressed Condition
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Figure 15. Cytotoxicity of combination treatment in different ratio in stressed condition with raw data

22

Comparison of Toxicity of Combination Treatment in Stressed
and Unstressed Condition
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Figure 16. Comparison of cytotoxicity of combination treatment in unstressed and stressed condition

Apoptosis of Combination Treatment
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Figure 17. Apoptosis in ratio treatment with raw data in unstressed condition
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Figure 18. Apoptosis in ratio treatment in stressed condition with raw data
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Figure 19. Comparing individual toxicity of Pb and Zn with combination toxicity of Pb
and Zn (1:10 ratio) in unstressed condition
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Comparing Toxicity of Combination Treatment in
Stressed Condition
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Figure 20. Comparison of individual toxicity of Pb and Zn with combination toxicity of Pb and Zn (1:10
ratio) with raw data in stressed condition.
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Figure 21. Comparing individual apoptosis of Pb, Zn with combination treatment of
Pb and Zn (1:10 ratio) with raw data in unstressed condition
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Photographs of Chick Femur
Lead at lOOOppm had damaging effects on bone. Figure 25-27 indicates antagonistic co-relation
between calcium and lead in which lead's damaging effects had been reduced by calcium
incorporation.
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Results of Cultured Chick Femur

Comparison o f Percent G ro w th in Cultured Chick Fem ur
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Figure 28. A comparison of the percent growth of cultured chick femur in Pb, Ca and different
combination of Ca and Pb with raw data
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No one element, compound, or factor is thought to be inducing unfavorable health
effects, but is thought to be the synergistic effect of many of the chemicals found in the
WTC dust, and this synergistic effect may be the main culprit in systemic and cellular
degradation (World PM Study). The analysis of Figure 19 shows that lead at 50ppm
generates very high toxicity of 289690 RFU and zinc at 500ppm generates a toxicity of
21144.5 RFU in unstressed condition. Combination of these two treatments, in which
lead is 50ppm and zinc is 500ppm (producing a ratio of their concentration of 1:10)
creates a toxicity of 2117.5 RFU. This toxicity is very low as compared to individual
toxicity of lead or zinc. This finding indicates that the combination treatments were able
to reduce or combat the high amount of toxicity produced by lead in unstressed condition.
The graph of Figure 20 shows that the toxicity of lead (50ppm) is 342069.5 RFU and the
toxicity of zinc (500ppm) is 146372.5 RFU in stressed condition. The combination
treatments consisting of lead and zinc ratio of 1:10 of their concentration produces a
toxicity of 2117.5 RFU which is low in comparison to the individual toxicity. Also, this
data indicates that combination treatment of zinc and lead is able to reduce the individual
toxicity of lead or zinc in stressed condition. Chemicals are said to exert an antagonistic
effects when combination of both metals have an overall effect that is less than the sum
of their individual effects (Peyrat-Maillard et ah, 2003). So, it is concluded that zinc and
lead had antagonistic effects with each other which were able to reduce the individual
toxicity lead both in stressed and unstressed condition. The ratio of lead to zinc (1:10) is
typical of Market Street lead and zinc ratio. Analyzing Figure 1 9 -2 0 , it is seen that the
percentage of reduction of toxicity in combination treatment is lower in stressed
condition than in unstressed condition. Zinc administration could reduce 92 % of lead
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toxicity in unstressed condition where as it could to reduce 72 % of lead toxicity in
stressed condition. So, it can be concluded that in stressed cell antagonistic effects of zinc
and lead is lower in comparisons to unstressed cell.
Apoptosis includes the programmed and ordered death of a cell. Luminescence
was used to measure the amount of Caspase 3/7 production in relation to apoptosis
occurrence in MRC-5 cells. The Figure 21 graph shows that lead at 50 ppm generates
very high luminescence (a measure apoptosis) of 66142 in unstressed condition. In
comparison to lead, zinc at 500ppm generates a luminescence of 56542. Combination of
these two treatments, in which lead is 50ppm and zinc is 500ppm (producing a ratio of
their concentration of 1:10) creates a luminescence of 7776. This data indicates that the
combination treatment of zinc and lead is able to reduce the high amount of apoptosis
produced by lead in unstressed condition. Apoptosis was reduced by 88 percentages by
administration of zinc in unstressed condition. Further investigation should be carried out
to analyze the protective role of zinc on lead toxicity under stressed condition. This data
again confirms the antagonistic effect of lead with zinc in lung cells. Divalent lead and
zinc have similar chemical properties and it is possible that lead can influence the
absorption and distribution of zinc in blood and other tissue by interfering the
transporting system of zinc. The double-edged effects of Zn on Pb toxicities in different
organs should be evaluated systematically. The protective effect of Zn on reproductive
toxicity of Pb may be attributed to competition between Pb and Zn, or reduction of
available Pb-binding sites in the testicular tissue (Fengyuan et ah, 2007).
The bis-AAF-Rl 10 substrate was employed in this toxicity assay to measure the
amount of dead cell proteases in the extracellular environment. As toxicity increases, the
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The bis-AAF-Rl 10 substrate was employed in this toxicity assay to measure the
amount of dead cell proteases in the extracellular environment. As toxicity increases, the
amount of light produced by the cleavage of the substrate should also increase. In this
experiment, toxicity increased in a dose dependent manner indicating an increase in the
production of dead-cell proteases that cleaved the bis-AAF-Rl 10 substrate. Cleavage of
the bis-AAF-Rl 10 substrate was increased in a dose dependent manner, providing more
fluorescence at 485/20,528/20 nm and is indicative of increased toxicity. Figure 10-11
shows that toxicity of lead is very high as the concentration increases. The Figure 10
graph indicates that toxicity level of lead is high from 300ppm (508159 RFU) to 500ppm
(538229.5RFU) in unstressed condition. The graph of Figure 11 indicates that toxicity
level is very high which vary from 499263 RFU in lOOppm to 578362.5 RFU in 500ppm
in stressed condition. Figure 12 indicates that toxicity level of lead is much higher in
stressed cell than in unstressed cell. From the data, it can be concluded that lead’s
concentration of lOOppm and above is damaging to human lung cells both in stressed and
unstressed cell.
The analysis of the Figure 13 shows that cytotoxicity increases as the
concentration of zinc increases and reaches it’ s highest at 146563.8 RFU at 3000ppm in
stressed condition. More research and investigation has to be continued for the viability,
cytotoxicity and apoptosis of zinc in unstressed condition. Contrary to the expectation,
the amount of toxicity of Zn is not that high as per the concentration and the data seems
to be misleading. Zinc acetate is highly basic and needs acidic environment to dissolve.
Even if its concentration is very high, it may not be dissolved in lung cells. So toxicity of
zinc should be tested in other cells like nerve cells and stomach cells. Stomach acid
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lining due to the high solubility of the zinc ion in the acidic stomach (Bothwell et al.,
2003).
Apoptosis and toxicity are very high in stressed cell than unstressed cell in all the
combination treatment. The combination treatment consists of combination of
concentration of lead and zinc to get a final ratio of 1:1, 1:5, 1:10 and 1:15. Generally in
WTC dust the ratio of lead and zinc varies from 1:7 to 1:12. The analysis from Figurel4
graph shows that 1:1 ratio produces much higher toxicity as compared to 1:5, 1:10, and
1:15 ratio in unstressed cell. Analysis of Figure 15 indicates that in stressed cell there is
not much variation in toxicity among treated ratio. Toxicity of stressed cell is much
higher than unstressed cell in all the treatments according to Figure 16. Figure 17 graph
shows that under unstressed condition there is not much variation in apoptosis among 1:5,
1:10 and 1:15 combination treatments and the ratio l:l shows highest apoptosis among
all. The analysis of Figure 18 indicates that under stressed condition, apoptosis is very
high in 1:1 and 1:15 ratio treatments as compared to 1:5 and 1:10 ratio treatments. By
comparing Figure 17 and Figure 18, it seems that apoptosis of stress cell is very high as
compared to unstressed cell in all the treatments. In conclusion, toxicity and apoptosis is
very high in stressed cell than unstressed cell.
Higher concentrations of FBS provide cells with a variety of proteins needed for
survival and growth. The cells exposed to 10% FBS, therefore, have access to more
proteins that allow for optimal growth. Cells grown in 2.5 % FBS, however, are grown in
more stressful environments than cells grown in 10% FBS. The results of this experiment
are consistent with the results expected when comparing cells growing in optimal growth
environments to those grown in physiologically stressful environments. Stressful
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are consistent with the results expected when comparing cells growing in optimal growth
environments to those grown in physiologically stressful environments. Stressful
situations are evident for cells grown in 2.5 % FBS since there are, in general, higher
level of toxicity noted. The increased in toxicity noted in cells grown in lower FBS
concentrations indicate that lower concentrations of FBS can have a negative impact on
cell growth at various concentration of lead or zinc. This data implies that a person
having lower immunity is more susceptible to toxicity and also to diseases. Fhgher
concentrations of FBS provide cells with a variety of proteins needed for survival and
growth. The cells exposed to 10% FBS, therefore, have access to more proteins that allow
for optimal growth. Cells grown in 2.5 % FBS, however, are grown in more stressful
environments than cells grown in 10% FBS. The results of this experiment are consistent
with the results expected when comparing cells growing in optimal growth environments
to those grown in physiologically stressful environments.
Figure 17 and Figure 18 graphs indicate that apoptosis level is very high in
stressed cells as compared to unstressed cell even in 1:10 ratio. Increased levels of
caspase are linked to apoptosis and it can be assumed that increased levels of lead and
zinc (in combination treatment of 1:10 ratio) exposure are linked with increased rates of
cell apoptosis in stressed cell. Cell apoptosis is induced by cells in response to damage or
mutation in order to prevent necrosis. Though apoptosis and necrosis result in the death
of cells, necrosis is much more harmful to surrounding cells since leads to the release of
cellular contents that signal an inflammatory response from the body (Majno & Joris,
1995). The induction of apoptosis in this in vitro system suggests that the chemical
properties of lead and zinc ratios are damaging enough to damage the cells in stressed
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condition. Apoptosis is an essential mechanism in living systems because it prevents the
formation of cancer by limiting a damaged cell’s ability to reproduce. The replication of
damaged cells and damaged DNA increases the likelihood for more DNA mutations to
occur, a phenomenon which may result in cancer formation.
Even if, zinc has a protective role over lead toxicity in lung cells, the distribution
of zinc may not be even in the whole area. It is possible that where there is less
accumulation of zinc, the toxic effect of lead is going to damage particularly to the
diseased and immune deficient people. The combination ratio of lead and zinc to produce
a final ration of their concentration of 1:10 was tried by taking 50ppm lead and 500ppm
zinc. However, WTC contain lead ranging from lOOppm to 500ppm and zinc ranging
from lOOOppm to 3000ppm. Different combination of above mentioned concentration of
lead and zinc for a final ratio of 1:10 should be tried out and compared with the previous
data.
Most of the readings of viability data of lead and zinc were misleading. One of
the reasons could be the use of wavelength 360nm for emission in multi plate reader
reading. According to the Technical manual of Triplex assay, Promega, the emission
wavelength for viability should be 485 nm. The particular wavelength was used to get a
consistent and good data in a 96 black well plate. However, misleading data were noticed
in viability test of lung cells. In future, wavelength of 485nm for emission should be tried
for viability test.
Some of apoptosis results of zinc and lead were misleading. Zinc’s cytotoxicity
data in unstressed condition is unpredictable and unacceptable too. The reason could be
lack of correct number of MRC-5 cells or no cell in some of the 96 well plates. Even if
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the T-25 plate of lung cells were very confluent, well centrifuged, and also
microscopically seen for presence of cells in the well, chances of some of the hole being
empty or low amount of cells cannot be overruled. If the correct concentrations of cells
are not present, the cytotoxicity reading could be wrong and could give rise to a
misleading data. It is important that the cells should be counted by a hematocytometer to
determine their concentration and then is should be pelleted at 500 * g for 5 min at 18
degree centigrade. After that the supernatant should be removed and assay medium
should be put to achieve a final concentration of 1 million cells per ml. This method
might be able to remove some of the misleading data.
According to Figure 28 , when the bone is not treated with anything or in control
with 10% FBS, the percentage growth is around 16.7%. The percentage growth of control
bone and lOOOppm calcium treated bone are same implying calcium has no effect on
bone growth. After the treatment with lOOOppm lead, the percentage of growth is reduced
to 5 % indicating a reduction of 11 % decrease in bone growth. This implies that lead has
damaging effects on bone. Bones are long-term repository for lead, containing
approximately 90% of the total body burden in mammals and birds (Ethieret al., 2007).
Lead appears to have detrimental on skeletal development (Jamieson et al., 2006). The Pb
+2 ion readily replaces the Ca 2+ ion (Ehle, 1993; Scheuhammer, 1987) additionally
altering the hormonal regulation of the calcium and the osteoblast function (Pounds et al.,
1991; Ronis et al., 2001). This leads to long-term detrimental effects, which have
regularly been demonstrated in clinical studies on mammals, and fundamentally in
humans (Cheng et al., 2001; Latorre et al., 2003; Pounds et al., 1991). Lead increases
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bone turnover resulting in weaker cortical bone in adult female mice and suggest that lead
may exacerbate bone loss and osteoporosis in the elderly (Monir et al., 2010).
From Figure 28, it is seen that the combination treatment of calcium and lead
(combined within 1000 ppm) produces bone length of 22 % which is even higher than
control and calcium treated bone. There is no variation in length of bone in different
combination treatment of calcium and lead (500ppm Ca/500ppm Pb, 250ppm Ca/750ppm
Pb, or 750ppm Ca/250ppm Pb). This indicates that there is antagonistic interaction of
lead with calcium. High amount of lead absorbs in bone leading to toxicity because it is
substituted with calcium. When extra dose of calcium is introduced, lead is also
substituted for calcium thereby decreasing toxicity of lead in bone. High calcium intake
(>2000 mg/day) may attenuate pregnancy-induced increases in maternal blood lead
concentrations by decreasing maternal bone demineralization during pregnancy and the
subsequent release of lead from the bone (Johnson, 2001). Increased Ca2+ content
increases the sensitivity of the developing embryos and larvae of zebra fish (Danio rerio)
to Pb. The positive linear relations between EC50 {Pb2+}/EC50 [Pb] T (expressed
as lead ion activity/dissolved total concentration) and activity/total concentration of
Ca2+, explained the influence of Ca2+ on toxicity of lead. The results support the
assumptions of the biotic ligand model (BLM) associated with competition
between lead and calcium for binding on transport and toxic action sites on biological
surfaces (Chen et al., 2009). It is interesting to know that WTC dust contain very high
amount of calcium sulfate from gypsum. Even if there are very high amount of toxicity in
lead, the toxicity may be reduced due to high amount of calcium. In conclusion, calcium
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reduces the toxicity of lead in chick femur. So, more research should be carried out to see
the interaction of calcium and lead in human lung cells.

Conclusion

In summary, the triplex assay results demonstrate that lead is very much
damaging to human lung cells both in stressed and unstressed condition. According to
government report lead’s damaging effect is in safe zone but the data says the opposite.
One of greatest possibility is that there must be some interaction that reduces the toxicity
of lead. Our research demonstrates that the high level of zinc, contrary to our expectation,
has antagonistic effect with lead which reduced the highly toxic effects of lead. So, the
very high concentration of zinc ranging from lOOOppm to 300ppm is a reward in disguise
to WTC people. Without the very high amount of zinc the toxicity of lead could be much
more damaging to human lung cells and possibly to other cells too. The toxicity of lead
may not be damaging to normal people because of the protective role of zinc but it can be
troublesome to infants, diseased, sick, old and low immunity people. It was noted in the
Triplex assay that in all the experimental design physiological stress can magnify any
potential harmful effects of a xenobiotic in vivo. Physiological stress can either suppress
immune system function or inhibiting replication and repair in cells. Decreased levels of
replication may make it harder for torn or damaged lung tissue to be replaced by newly
formed cells. However, increased rates of apoptosis as seen in this study for stressed cell
would inhibit the growth of healthy cells.
The in vitro bone culture of chick femur also demonstrates that lead is having
damaging effect on bone growth and quality of bone. The finding also states that calcium
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is able to mitigate the toxic or damaging effect of lead. Although the interaction of
calcium with lead has to be tried out in lung cells, the fact that calcium might be able to
reduce the toxicity of lead cannot be overruled. The high amount of gypsum, source
of calcium sulfate might be another reason for reducing the damaging effects of lead in
WTC.
The data and graphs demonstrate that toxicity and apoptosis are higher in stressed
cell than in unstressed cell. Old, diseased, sick, infants and low immunity people of WTC
represent stressed cell and are more prone to the toxic effects of zinc and lead. The
damaging effects of lead may not be harmful to the normal people but it can be
troublesome to low immunity people particularly to the old, diseased persons and infants
of WTC. Places of WTC with low Zn and high Pb content can create trouble for normal
person too.
Overall, this research found out that the amount and concentration of lead present
in WTC dust is highly damaging to human lung cells both in stressed and unstressed
condition. The damaging effects may not be felt by WTC people because of the
protective role of zinc. The very high amount of calcium present in WTC might be able
to reduce the toxicity of lead. More research has to be carried out to know the interaction
of calcium and lead in lung cells.
Though more research is needed to properly identify the potential risk of heavy
metals of WTC to exposed rescue workers and residents, the results in this study suggest
that lead is highly damaging to low immunity people and the protective role of zinc may
be able to hide the damaging effect of lead to normal people.
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Future Direction

Additive and synergistic effects on toxicity are possible from the interaction of
WTC hazardous substance from WTC dust. Synergistic and additive effects can occur
with Asbestos, PAHs and PCBc, with Particulate matter and PAHs, with Lead and
Mercury and with Dioxin and PCBs (Goad et al., 2004). So, future research should be
carried out for possible interaction with lead and mercury. Zinc’s individual toxicity,
viability and apoptosis experiments should be repeated both in stressed and unstressed
condition. Due to high flammability of WTC, zinc and lead was present in zinc oxide and
lead oxide form. It is wise to carry out zinc oxide toxicity treatment and compared with
zinc acetate data. Apart from lung cells, neuronal cells, stomach cells and other available
cells should be tested to see the toxicity of zinc. Zinc is insoluble in normal pH and needs
acidic condition for solubility and absorbance in cell. Stomach cells create an acidic
environment and zinc’s damaging effect would be a possibility in these cells. There are
some limitations as what can be done in vitro for the application of metal like zinc oxide,
the real form of WTC. Modifications are needed in the experiments which include but
not limited to the use of a hematocytometer for confirm and correct counting of sub
cultured MRC-5 lung cells. Also, correct emission (485nm) wavelength should be used
for viability reading.
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